Until now, double mode Cepheids (or beat Cepheids) were known in the Galaxy, Magellanic Clouds and M33. Curiously, none of more than 2000 Cepheids in M31 was claimed to show two pulsation modes. We conducted a systematic search for double mode Cepheids in the archival data and discovered four such objects. We identify one of the stars as a first and second overtone pulsator even though its secondary period is subject to strong aliasing. Two stars turn out to pulsate in the fundamental mode and the first overtone. Their fundamental periods are 9.392 d and 9.163 d. This makes them the first candidates for the fundamental mode and the first overtone Cepheids, which double mode pulsations are caused by the 1:2 resonance of the fundamental mode and the second overtone.
Introduction
Among many different types of pulsating stars, probably the most important group are classical (or type I) Cepheid variables. They obey a power-law period-luminosity relation, which allows measurement of distances to external galaxies. However, the details of this relation are subject of an active debate. The slope of the relation changes around a period of ≈ 10 d at some wavelengths (e.g. Ngeow et al. 2009; Tammann et al. 2011) . Also the zero point of the relation is affected by metallicity. Different star formation history in different galaxies result in different histograms of Cepheid periods, which impacts the distance estimates if the period-luminosity relation is not a pure power-law. The other effects that affect the observed brightness of Cepheids are: extinction, infrared emission of circumstellar dust and blending. The above problems can not be tackled without a deep understanding of the Cepheid internal structure. Only recently has the discrepancy of Cepheid masses derived from the stellar evolution and pulsation theories been solved (Pietrzyński et al. 2010 ).
Among the Cepheid variables an important group constitute multimode radial pulsators. The identification of two modes with the expected period ratio clearly shows that the object is a classical Cepheid, not a different type of the variable star. It also yields an additional constraint on stellar parameters as the two modes probe different parts of the star.
In this context even more important are triple mode pulsators (Moskalik & Dziembowski 2005 ) of which we know a dozen or so.
The highest number of Cepheids is known in the Magellanic Clouds. These galaxies contain altogether more than 8000 Cepheids (Soszyński et al. 2008; Marquette et al. 2009; Soszyński et al. 2010 Soszyński et al. , 2012 . Among them 6% show at least two radial modes in the Small Magellanic Cloud. For the more metal-rich Large Magellanic Cloud the corresponding value is 10%. Except these, the double mode Cepheids are known only in the Milky Way and -4 -M33 (Beaulieu et al. 2006 ). There are also more than 2000 Cepheids known in Andromeda galaxy (M31; Fliri & Valls-Gabaud 2012; Kodric et al. 2013) and until now none of them has been claimed as a double mode pulsator. If the same single mode to double mode number ratio of Cepheids is in the M31 as in Magellanic Clouds one would expect more than a hundred double mode Cepheids to be detected by a deep enough survey. The number should be smaller because of more severe blending, which lowers the observed amplitudes of Cepheids and affects most the smaller amplitude mode. Even accounting for this, one would expect at least a few longest period (i.e., brightest) double mode Cepheids to be known in M31. We note that three double mode RR Lyr variables were found in the Hubble Space Telescope photometry by Reyner et al. (2010) and they are fainter than Cepheids.
Here we present a search for double mode Cepheids in archival photometry for known variable stars in M31. The next section briefly presents data used in the analysis. We present the search method and its results in Sections 3 and 4. Finally, we discuss our findings. During our research, we found missclassifications for a few Cepheids, which are presented in the Appendix.
Data and method description
Our analysis is based on two sets of publicly available lightcurves for the Cepheids in M31. In their search for Cepheids in M31 Vilardell et al. (2007) Vilardell et al. (2006 Vilardell et al. ( , 2007 ).
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The second set of lightcurves was presented by Kodric et al. (2013) . including type II objects and variables that could not be definitely assigned to type I or type II. The more detail description of the observation and their analysis was presented by Lee et al. (2012) and Kodric et al. (2013) . Both Vilardell et al. (2007) and Kodric et al. (2013) used difference image analysis to preform photometric measurements.
The lightcurves of Cepheids were prewhitened with the period given in the original papers as well as periods independently found by us. The two periods differed only in questionable cases. The prewhitened lightcurves were searched for periods using both the discrete Fourier transform and multiharmonic analysis of variance (Schwarzenberg-Czerny 1996) . The final period estimates were taken using the latter method results. All the secondary periods found in a wide range around known structures in the Petersen diagram (period ratio vs. longer period) were visually verified. During our analysis we found a few stars that were incorrectly classified. We present these in the Appendix in order to help purify the M31 Cepheid sample used in future studies.
Results
Below we present each double mode pulsator separately. Comparison to the Cepheids found in other environments and discussion of pulsation properties will be presented in next section. We denote fundamental mode and first overtone pulsators by F/1O and first and second mode pulsators by 1O/2O. The star identifiers come from Vilardell et al. (2007) and -6 - Kodric et al. (2013) . Periods and Fourier parameters (phase differences φ 21 = φ 2 − 2φ 1 and amplitude ratios R 21 = A 2 /A 1 ; Simon & Lee 1981 ) are presented in Table 1 for each mode separately.
J00450019+4129313 -1O/2O type pulsator
The photometry presented by Vilardell et al. (2007) reveals the primary period of this star to be 1.694919(16) d. We found a strong signal for a secondary period but its value cannot be found unambiguously because of the strong aliases in the power spectrum.
The prewhitening of the light curve is illustrated in Figure 1 The insets in the first and the third panels magnify the parts of periodogram close to the highest peak.
-8 -ratio of 0.698 is slightly lower than the period ratio for known F/1O pulsators but all of them have shorter periods. It lies on the extension of F/1O sequence on the Petersen diagram. Thus we classify it as F/1O Cepheid.
PSO J010.9364+41.2504 -F/1O type pulsator
This object was already announced by Kaluzny et al. (1999) and Joshi et al. (2003) with periods of 9.173 d and 9.160 d. Using Kodric et al. (2013) photometry we found periods of 9.1633(80) d and 6.3618(61) d (Figure 3 ). This object turns out to have periods similar to PSO J010.6063+40.8608 discussed above, with a slightly smaller period ratio of 0.694. We conclude that this is a F/1O pulsator.
PSO J011.3583+42.0404 -candidate non-radial pulsator
The analysis of photometry presented by Kodric et al. (2013) PSO J009.9994+40.5558 Our analysis of photometry presented by Kodric et al. (2013) revealed that this object varies with periods of 13.084 (14) 
